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3. Detailed Description of the 
Invention 

(Field of utility) 

The present invention relates to a 
method in which a transformant that has 
Chinese hamster ovary (CHO) cells or 
human hepatic cells as host cells, is 
cultured in a non-serum or low-serum 
culture medium in order to produce the 
target protein. 

(Prior art and problems the invention 
aims to solve) 

In recent years, there has been 
increasing use of methods in which 
proteins are obtained by culturing 
transformants obtained by introducing 
foreign structural genes into host cells by 
recombinant DNA techniques, and 
expressing these genes. When the 
structural genes are derived from 
animals it has been increasingly 
common for animal cells to be used as 
the host cells, in order to obtain proteins 
close to natural proteins. 

In the prior art, when target substances 
are obtained from animal cell cultures, 
the method generally used is one in 
which the culture is halted at a stage at 
which the cells are still multiplying and 
the target substance is obtained from the 
culture. 



For this, approximately 5-10% serum, 
which is necessary for the proliferation 
of the animal cells, is added empirically 
to the culture solution. Therefore, there 
is an admixture of protein derived from 
the serum in the culture medium and this 
leads to the necessity of purifying the 
target protein, which may take time and 
trouble. 

The present inventors attempted to 
produce the target substance by 
cultivating it with CHO cells and human 
hepatic cells as host cells in a non-serum 
or low-serum culture medium. 
However, it was found that when these 
were cultured for a fixed time, the 
production of the target substance 
decreased chronically. In the present 
inventors' experience, one cause of this 
is that the target protein is decomposed 
by serine proteases and/or other protease 
secreted by the host cells or proteases 
emitted by dead cells. 
(Means by which the problems were 
solved) 

Accordingly, the present inventors tried 
a method of culture in the presence of 
various protease inhibitors and, as a 
result, it was found that the objects of 
the invention were attained when the 
culture was performed in the presence 



of, specifically, a Cl-inhibitor [Methods 
in Enzymol. 80, 43-45 (1981)] and the 
present invention was completed on the 
basis of this discovery. 

Thus, in essence, the invention is a 
method of producing protein 
characterised in that Chinese hamster 
ovary cells or human hepatic cells, 
transformed by the introduction of DNA 
containing structural genes that code 
protein, are cultured, the said structural 
genes expressed and the said protein 
produced; and in that the said cell 
culture is performed in a non-serum 
culture medium or low-concentration 
serum culture medium and in the 
presence of a Cl-inhibitor or a CI- 
inhibitor-type protease inhibitor. 

In the descriptions of the present 
invention, the host cells used are 
Chinese hamster ovary (CHO) cells or 
human hepatic cells and these may be of 
any generally known strains. These may 
be, for example, a CHO-derived variant 
(Tanpakushissankoso [Protein 
Nuclease], 27, 54-62 (1982)] such as 
CHO Ki [J. Exp. Med., 108, 945 (1958)], 
CHO dhfr (Proc. Natl. Acad. Sci. USA, 
77, 4216-4220 (1980)], or cells strains 
derived from human liver (or tumour) 
such as NuE, KN (Can. Res., 49, 



361-366 (1989)], PLC [South Africa 
Med., 50, 2124-2128 (1976)] and 
HepG2 (ATCC cat. No. HB 8065). 
There is no particular limitation to the 
transformation of the host cells 
according to the invention; DNA 
containing the target structural genes 
may be inserted into the host cells using 
conventional recombinant DNA 
techniques or cell fusion methods. 

The said structural genes may be a gene 
such as apolipoprotein E with an amino 
acid series degraded by serine protease 
or the genes of complement components 
such as Ci 7 , Cis, C 4 and C 8 are 
particularly effective in use and, in 
addition, human plasma proteins, protein 
hormones, growth factor, virus antigens 
and receptors etc can be used for the 
expression of various genes. 
The expression vector obtained by 
combining the said structural genes with, 
for example, plasmid pKCHR2 (JP 61- 
285990 (B)) may be introduced by 
conventional methods into host cells, or 
by fusing human hepatic cell strains or 
hamster-derived cell strains with 
different animal cells, particularly 
human organ cells, which contain the 
target structural gene, by conventional 
methods and thus to transform them by 



the introduction of the target gene 
present in the organ. 

The culture of the transformant thus 
obtained should be in a basic synthetic 
culture medium containing the nutrients 
necessary for the survival of the CHO 
cells or human hepatic cells and the 
culture is carried out in the presence of a 
specific protease inhibitor, specifically, a 
CI inhibitor or a Cl-inhibitor-like 
protease inhibitor. 

The basic synthetic culture medium 
used in the method according to the 
invention should principally comprise 
amino acid(s), sugar(s), vitamin(s), and 
inorganic salt(s) and also contain nucleic 
acids, coenzymes and protein hydrolytes. 
Specifically, these may include eRDF 
(Kyokuto Co.), Han's F10, F12, F12-M, 
F12-K; Puck 10-10, 5-10; RPMI 1603, 
1630, 1634, 1640; Swim 67-G; Trowell 
T8; Shneider; MB 752/1, 705; William 
D. E; Fisher; NCTC 135; OMRL 1066; 
A 2 +ADG; IMDM; DME; L-10, -15; 
McCoy 5a; 199; MEM; BMEM; a - 
MEM (all the above from Gibco); and 
lactoalbumin hydrolite (Sigma). 
The protease inhibitor used in the 
method according to the invention may 
be, for example Cl-inhibitor or Cl- 
inhibitor-like protease inhibitor. This 



may be, for example, (a) a protease 
inhibitor derived from foetal bovine 
serum i.e. a protein present in foetal 
bovine serum normally at a 
concentration of 50-100 mg/L, the 
molecular weight of which, by SDS- 
PAGE (SDS - polyacrylamide gel 
electrophoresis) is 75K (reduced), the 
unreduced molecular weight of which is 
85K and which shows a positive PAS 
(periodic acid-Schiff) reaction; and in 
which the amino acid sequence at the N- 
terminal is N-Asp ■ Met • He * Val • Gly * 
Pro • Gly • Pro • Gly • Asp • Gly ■ Gin ■ 
Ser (this protease inhibitor can be 
purified from foetal bovine serum. This 
may be, for example by a method in 
which foetal bovine serum is salted out 
by a 40-60% saturated ammonium 
sulphate solution and then this is 
equilibrated with two-fold diluted 
Dulbecco's PBS (phosphate buffer salt 
solution; PBS) and then adsorbed onto a 
heparin sepharose column or similar 
product; then it is washed with the same 
half-concentration PBS and eluted with 
PBS. Next, the PBS elution fraction is 
applied to a hydroxyapatite column and 
eluted at conductivity 2.2 mho using a 
gradient of 1 OmM phosphate buffer 
50mM sodium chloride to 300 mM 



phosphate buffer 50mM sodium 
chloride. 

Also it is eluted as the first peak by 
elution fractionation using a phenyl 
sepharose column with a gradient of 1M 
ammonium phosphate lOmM phosphate 
buffer to lOmM phosphate buffer. At 
this stage, it is purified by SDS-PAGE to 
a single band. It is thus possible to 
obtain a yield of at least several 
hundreds of ^ig of the pure product from 
1 litre of foetal bovine serum. 
The protease inhibitor used in the 
present invention may be a partially 
purified product such as, for example, 
one that has been purified using a 
heparin sepharose column. ], (b) a 
bovine serum-derived CI inhibitor-like 
protease inhibitor [obtained by the 
method described in Biochimi. Biophys. 
Acta, 923, 167-175(1987)], (c) bovine 
serum-derived Factor Xlla inhibitor 
[obtained by the method described in J. 
Biol Chem., 262, 12714-12721 (1987)], 
(d) human Cl-inhibitor inhibitor 
[obtained by the method described in J. 
Clin. Invest, 55, 593-604 (1975)] or 
other protein protease inhibitors; or (e) 
6-amidino-2-naphthy-p- 
guanidinobenzoate dimethanesulphonate 
(nafamostat mesilate) 



E 
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or (f) a synthetic protease inhibitor such 

as benzamidine NKt 

The above protease inhibitors differ in 
use depending on the type of protease 
inhibitor; for example, when the protein 
protease inhibitors listed as (a)-(d) 
above are used, these should be used in a 
range 10-1,000 ng/ml in the culture 
medium; in the cases of the synthetic 
protease inhibitors described as (e) and 
(f) above, these should be used in the 
ranges 0.1-lmM and 2-5mM, 
respectively, in the culture medium. 

In the present invention, serum such as 
foetal bovine serum and neonate bovine 
serum may be added to the culture 
medium, provided that the quantity 
added, e.g. no more than 0.5%, has no 
effect on the purification of the target 
protein. 

The culture may be carried out either in 
an adhered state or in a floating state, 
and the system used may involve a petri 
dish or a flask and also stirred culture, 
airlift culture, fixed bed culture devices, 
fluidised bed culture devices, hollow 
fibre, micro-carrier and microcapsule 
cultures. 



The number of cells applied at the start 
of the culture should be at least 
approximately 10 4 cells/ml and the 
culture should be carried out at a 
temperature around 37°C and in a 5% 
C0 2 atmosphere. The culture should be 
continued for an optional time from 
when the cells are added, and then, at the 
time when normal confluence has been 
reached, the culture medium should be 
replaced by the culture medium 
containing protease inhibitor according 
to the invention and the culture 
continued to obtain the target protein. 
This culture is continued until the target 
protein has become maximum size as an 
intact material. 
The purification of the target protein 
from the culture solution thus obtained 
may be carried out by conventional 
methods such as salting out, ion- 
exchange chromatography, hydrophobic 
chromatography, gel filtration, affinity 
chromatography, liquid stratification, 
isoelectric precipitation, isoelectric 
electrophoresis, hydroxyapatite 
chromatography, reverse-phase 
chromatography, according to 
suitability. 

(Effects of the invention) 



When the method according to the 
invention is used, since the target protein 
in the culture is not degraded, the 
productivity is improved (and the culture 
medium effectiveness is improved) and, 
moreover, since there is a negligible 
content of protein impurities derived 
from the serum and degradation products 
of the target proteins, the purification of 
the target protein is more readily 
performed. 
(Examples) 

Below the method according to the 
invention is described in greater detail 
through examples. 
Example 1 

Apolipoprotein-producing recombinant 
CHO cells (5 x 10 4 cells/ml), produced 
by the method described in JP 61- 
285990, was cultured and proliferated in 
5ml of e-RDF (pH 7.4), containing 5% 
bovine serum, in a 5% C0 2 atmosphere 
at 37°C. After approximately 5 days of 
this culture, when confluence was 
reached, the cells were transferred to 5ml 
of an e-RDF culture medium (pH 
7.4±0.2), a non-serum culture medium 
containing protease inhibitors. Then the 
culture was continued and the quantity 
of apolipoprotein produced over time 
was measured. The results are shown in 



Figure 1 (the quantity of apolipoprotein 
E produced was investigated using the 
method described in Example 1 of JP 
61-285990 (A) and SDS-PAGE. 
As is clear from Figure 1, when the 
method according to the invention is 
used, the production of apolipoprotein is 
increased due to the culture being 
performed in a culture medium 
containing a protease inhibitor. 
Simple Description of the Figure 
Figure 1 shows the changes over time 
of the quantity of apolipoprotein E 
produced during a culture of 
apolipoprotein-producing recombinant 
CHO cells in a culture medium 
containing protease inhibitor. The 
symbols in the figures have the 
following meanings. 

O--O: no protease inhibitor added 
(control) 

A--A: foetal bovine serum-derived 
protease inhibitor (as in (a) above) 
150ng/ml. 

o— □: foetal bovine serum-derived 
protease inhibitor (as in (a) above) 
250ng/ml. 

as above, 500ng/ml 
▲ : benzamidine 3mM 
°* : Nafasmat mesilate 0. 1 ImM 
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